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AERODYNAMIC  RESULTS  OF  A SEPARATE  EFFECTS 


TEST  CONDUCTED  IN  THE  AEDC  40  x 40  INCH  TUNNEL  A 
FACILITY  ON  THE  ROCKWELL  INTERNATIONAL  LAUNCH 
CONFIGURATION  3 (MODEL  32-OTS)  INTEGRATED  VEHICLE 

(IA13) 

by 

J.  H.  Campbell,  II 

Rockwell  International  Space  Division 
ABSTRACT 

Experimental  aerodynamic  investigations  were  conducted  from  July  5 
through  July  17,  1973,  in  the  AEDC/VKF  tunnel  A facility,  on  a 0.01  scale 
model  (Model  32-OTS)  of  the  Rockwell  International  launch  configuration  3 
Integrated  Vehicle  (excluding  the  left-hand  booster) . The  AEDC  captive 
trajectory  system  was  utilized  in  conjunction  with  the  tunnel  primary 
sector  to  obtain  "grid-type"  data  for  tank  (ET)  abort  from  the  Orbiter 
(SSV) , and  for  nominal  separation  of  one  Booster  (SRB)  from  the  Orbiter- 
Tank  combination.  Booster  separation  was  investigated  with  and  without 
separation  motors  plume  simulation.  The  plumes  were  generated  by  eight 
Mj  = 2.15  nozzles  using  a 1500  psia  cold  air  supply. 

Free  stream  data  were  obtained  for  all  models  (orbiter,  tank, 
orbiter-tank,  and  right-hand  booster)  to  provide  baselines  for  evaluation 
of  proximity  effects. 
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The  entire  investigation  was  conducted  at  a nominal  free  stream  Mach 
number  of  4.5  and  at  Reynolds  number  per  foot  ranging  from  approximately 
7.0  x 105  to  6.6  x 106. 

This  report  is  published  in  three  volumes.  Volume  I contains  data 
figures  through  page  894.  Volume  II  contains  the  remaining  data  figures 
and  the  appendix  (tabulated  source  data)  is  found  in  Volume  III. 
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NOMENCLATURE 


PLOT 

SYMBOL 

SYMBOL 

DEFINITION 

a 

speed  of  sound;  ft/sec 

V 

velocity;  ft/sec 

M 

MACH 

Mach  number,  V/a 

qro 

Q(PSF) 

dynamic  pressure,  pV2/2;  psf 

p 

RHO 

mass  density;  slugs/ft3 

base  area;  ft 

cAh  ' 

CAB 

base  force  coefficient,  -Ab(Pb  - Poo)/qooSw; 

D 

base  force 

q S 

°Af 

CAF 

forebody  axial  force  coefficient;  CA  - CA^ 

CA 

CA 

axial  force  coefficient  excluding  adjustments 
for  base  and  sting/balance  cavity  pressure 
measurements:  axial  force 

q«>sw 

CN 

CN 

, rr-  • normal  force 

normal  force  coefficient; 

q-sw 

C£ 

CBL 

, ^ ^ rolling  moment 

rolling  moment  coefficient;  - — g - - 

q«j^w*  ref 

CLM 

, , , . rri  J.  . pitching  moment 

nitching  moment  coefficient;  1 r“Y~ — ~~ 

qouSw^ref 

°Y 

CY 

r/..  j side  force 

side  force  coefficient; 

q-Sw 

cn 

CYN 

. rrj  . _ yawing  moment 

yawing  moment  coefficient;  — -“—5 

q«,su£ref 
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NOMENCLATURE  (Continued) 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

Sw 

SREF 

reference  wing  area;  ft2 

CPS 

captive  trajectory  system 

Pbl/p~ 

PBl/P 

number  one  base  pressure  ratio 

Pb2/p~ 

PB2/P 

number  two  base  pressure  ratio 

P /P 
C 00 

PC/P 

sting/balance  cavity  pressure  ratio 

pbi 

PBI 

number  one  base  pressure;  psia 

Pb2 

PB2 

number  two  base  pressure;  psia 

pc 

PC 

SRB  separation  nozzle  chamber  pressure;  psia 

Poo 

P 

freestream  static  pressure,  psia 

Pt~ 

PTOTAL 

freestream  total  pressure,  psia 

Cp 

Pbl 

CPB1 

number  one  orbiter  base  pressure  coefficient, 

( L5 1 — / q® 

Cpb2 

CPB2 

number  two  orbiter  base  pressure  coefficient, 
(Pb2  ~ Poo)  / 

Cpc 

CPC 

sting  balance  cavity  pressure  coefficient, 

(Pc  - P-)/q« 

R/t 

RN/L 

freestream  unit  Reynolds  number  x 10  per  foot 

*ref 

LREF 

BREF 

reference  dimension  used  to  reduce  the  measured 
balance  moment  data  to  coefficient  form,  orbiter 
model  body  length,  inches 

AILRON 

aileron  deflection;  degrees 

6e 

ELEVTR 

elevon  deflection;  degrees 

6 


r 


i 


SYMBOL 

fir 

Aa 

AB 

aO/T 

aO 

aET 

aSRB 

B0/T 

60 


NOMENCLATURE  (Continued) 


PLOT 

SYMBOL  DEFINITION 

RUDDER  rudder  deflection;  degrees 

DALFHA  parameter  name  for  nominal  angle  of  attack 

difference,  (Aa  - asRg  ~ ^T^  or  = ^ET  ~ a(P  » 

degrees 

DBETA  parameter  name  for  nominal  angle  of  sideslip 

difference,  (AB  = SsRB  “ ^0/T^  or  = ®ET  “ ^0^* 
degrees 

ALPHA  orbiter  tank  angle  of  attack.  All  source  data  are 

presented  as  a function  of  dQ/y,  except  for  isolated 
tests  and  those  where  the  tank  is  separating  from 
the  orbiter;  degrees 
“SRB  = a0/T  + A“ 

ALPHA  orbiter  angle  of  attack.  Source  data  are  presented 

as  a function  of  for  isolated  tests  and  those 
where  the  tank  is  separating  from  the  orbiter; 

degrees 
oig'p  = Qq  "i  An 

ALPHA  external  tank  angle  of  attack.  Source  data  are 

presented  as  a function  of  a^,  only,  for  te  to  o» 
the  isolated  external  tank,  degrees 

ALPHA  solid  rocket  booster  angle  of  attack,  source  data 

are  presented  as  a function  of  ciggg,  only,  for 
tests  of  the  isolated  SRB,  degrees 

BETA  orbiter  tank  angle  of  sideslip.  All  source  data 

are  presented  as  a function  of  8q/t  except  for 
isolated  tests  and  those  where  the  tank  is  separ- 
ating from  the  orbiter;  degrees 

bsrb  “ 6o/t  + A6 

BETA  orbiter  angle  of  sideslip.  Source  data  are 

presented  as  a function  of  6q  for  isolated  tests 
and  those  wher-  the  tank  is  separating  from  the 
orbiter;  degrees 

Bet  = 00  1 
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NOMENCLATURE  (Concluded) 


PLOT 

SYMBOL 


DEFINITION 


external  tank  angle  of  sideslip.  Source  data 
are  presented  as  a function  of  0£T,  only,  for 
tests  of  the  Isolated  external  tank,  degrees 

solid  rocket  booster  angle  of  sideslip.  Source 
data  are  presented  as  a function  of  65^3,  only, 
for  tests  of  the  isolated  SRB , degrees 


SPDBRK 


speed  brake  flare  angle,  degrees 


center  of  gravity 

freestream  total  temperature;  °R 

freest  ream  static  temperature;  °R 


separation  distance  measured  along  the  longi rud ina 1 , 
X axis;  inches.  See  figures  2d  and  2e 

X station  of  the  moment  reference  center;  inches. 

See  figures  2b  and  2c 

separation  distance  measured  along  the  lateral, 

Y axis;  inches.  See  figures  2d  and  2e. 

Y station  of  the  moment  reference  center;  inches. 

See  figures  2b  and  2c. 


Z station  of  the  moment  reference  center;  inches. 
See  figures  2b  and  2c. 

separation  distance  measured  along  the  vertical 
Z axis;  inches.  See  figures  2d  and  2e. 
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INTRODUCTION 


The  NASA  Space  Shuttle  Integrated  Vehicle  (SSV)  is  comprised  of  four 
components:  an  orbiter  (0),  an  external  fuel  tank  (ET)  for  the  orbiter, 

and  two  solid  rocket  boosters  (SRB's).  During  the  ascent  phase  of  the 
SSV  the  ET  and  SRB's  are  separated  from  the  orbiter,  and  return  to  earth. 
In  order  to  assure  clean  separation  of  the  ET  and  the  SRB  s from  the  orbi- 
ter it  is  necessary  to  know  the  aerodynamic  forces  acting  on  these  com- 
ponents, and  the  orbiter,  during  the  separation  procedure.  This  test  was 
conducted  to  determine  the  interacting  aerodynamic  effects  for  two  situ- 
ations: 1)  nominal  abort  of  the  SRB  from  the  orbiter/external  tank  com- 

bination and  2)  emergency  abort  of  the  external  tank  from  the  orbiter. 

Data  were  obtained  at  a freestream  Mach  number  of  4.5  with  Reynolds 
number  varying  from  7.0  x lO'’  to  6.6  x 10°  per  foot.  The  SRB  has  small 
rocket  motors  which  are  utilized  to  assure  positive  separation.  During 
these  tests  motor  operation  was  simulated  by  using  cold  air  jets  and  data 
were  recorded  with  and  without  these  motor  plume  simulations. 

The  isolated  vehicle  components  were  tested  over  an  angle  of  attack 
and  sideslip  range  as  shown  below: 


Vehicle  Component 

u Range 

3 Values 

Orbiter 

-10° 

to 

30° 

0°, 

5°,  10' 

External  Tank 

! 

O 

o 

to 

10° 

0°, 

5° 

Orbiter/External  Tank 

-10° 

to 

30° 

0°, 

5° 

Solid  Rocket  Booster 

-30° 

to 

15° 

O 

o 

, 0°,  5 

20°,  30° 
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INTRODUCTION  (Continued) 


In  oruer  to  examine  the  interacting  flow  field  effects  during  the 
two  abort  situations,  the  separating  component  was  held  at  attitudes 
relative  to  the  parent  configuration  and  moved  to  various  field  positions 
to  record  aerodynamic  data.  The  relative  attitudes  tested  were. 

Vehicle  Component Aa  Range Ag  Values 

External  Tank  ~30  to  5 0 , ±5 

Solid  Rocket  Booster  -20°  to  5°  0°,  ±5°,  -10  , -20° 

where  for  external  tank  Aa  = (ag^  - oiq)  , Ag  = (ggT  " Bo^an<^  for  solid 
rocket  booster  Aa  * (aSRB  - a0/ET^ » “ ^SRB  - ^0/ET^  * 

The  vertical  (Z) , longitudinal  (X)  and  lateral  (Y)  separation  dis- 
tance ranges  were : 

Vehicle  Component X-Inches(f . s . ) Y-Inches  (f . s . ) Z^-Inches  (f  .s . ) 

External  Tank  0 to  1200  -200  to  200  0 to  1300 

Solid  Rocket  Booster  0 to  1600  0 to  800  0 to  100 

where  for  the  external  tank,  X,  Y,  and  Z = 0 when  the  ET  nose  is  in  the 
mated  position  with  respect  to  the  orbiter.  (See  figure  2d.)  For  the 
SRB,  X,  Y,  and  Z = 0 when  the  SRB  nose  is  in  the  mated  position  with 
respect  to  the  Orbiter/External  Tank.  (See  figure  2e.) 

During  SRB  separation  testing  (see  figure  2e.)  the  external  tank 
was  rigidly  attached  to  the  orbiter,  which  was  supported  inverted  on  the 
tunnel  primary  sector.  The  booster  was  supported  on  the  CTS  via  a flow- 
through  balance  and  sting. 

During  external  tank  separation  testing  (see  figure  2d.),  the 
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INTRODUCTION  (Concluded) 


orbiter  was  supported  inverted  on  the  primary  sector  and  the  ET  was  sup- 
ported on  the  CTS. 

No  base  or  cavity  pressure  taps  were  built  into  the  models.  To  ob- 
tain these  pressures  (two  base,  one  cavity  per  model),  hardline  tubing 
was  routed  to  the  vicinity  of  the  model  bases  and  bent  into  areas  where 
pressures  were  desired. 

As  an  aid  in  clarifying  the  interdependence  of  the  test  configuration 
with  the  tabulated  source  data  in  the  Appendix,  the  following  array  is  a 
necessary  adjunct  to  the  Run  Summary  Schedule  of  Table  II. 


DATASET 

RTJ001 

through’ 

RTJ099 

RT.JT01 

through' 

RTJT99 


BALANCE 


Orbiter 


TEST  CONFIGURATION 


flank  Separating  From  Orbiter 


APPENDIX 
PAGE  NUMBER 


RTJ100 

through  Orbiter  Tank 
RTJ283 


Orbiter 


?SRB  Separating  From  Orbiter  Tank 


RTJ510 

througl 

RTJ536 


Orbiter  Tank 


►Isolated 
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CONFIGURATIONS  INVESTIGATED 

The  0.01-scale  32-OTS  models  consists  of  an  orbiter,  tank,  and  one 
booster  (with  metric  high-pressure  separation  thrusters,  fore  and  aft). 

See  figures  2b  and  2c. 

The  configuration  of  each  vehicle  component  tested  is  given  below. 

Pertinent  dimensional  data  for  these  model  components  may  be  found  in 
Table  III. 

Orbiter  09  = (B19C7E5M4)  (wl07^23^  (V7R5)  where: 

Component  Definition 

^19  Fuselage  per  Rockwell  line  ’’L70-000139B . 

(Model  drawing  SS-A00062) 

C7  Canopy  per  Rockwell  Lines  VL70-000139B . 

(Model  drawing  SS-A00062) 

E23  Elevons  per  Rockwell  lines  VL70-000139B . 

(Model  drawing  SS-A00109) 

F5  Body  flap  per  Rockwell  linos  VL70-000139B . 

(Model  drawing  SS-A00062) 

m4  Orbital  Maneuvering  System  per  Rockwell  lines 

VL70-000139B . (Model  drawing  SS-A0C062) 

R5  Rudder  per  Rockwell  lines  VL70-000139B  and  ■» 

VL70-000095 . (Model  drawing  SS-A00062) 

v7  Vertical  tail  per  Rockwell  lines  VL70-000139B  and 

VL70-000095.  (Model  drawing  SS-A00062) 

W107  Wing  per  Rockwell  lines  VL70-000130B . 

(Model  drawing  SS-A00109) 

The  external  tank  (Tjq)  is  not  broken  down  into  subassemblies  and 
was  constructed  to  Rockwell  lines  VL72-000088  and  VL78-00004]  (Model 
Drawing  SS-A-00108) . I 
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CONFIGURATIONS  INVESTIGATED 
(Concluded) 


The  solid  rocket  booster  (Sg)  is  not  broken  down  into  subassemblies 
and  was  constructed  to  Rockwell  lines  VL72-000088  and  VL77-000036  (Model 
Drawing  SS-A-00113) . 
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TEST  FACILITY  DESCRIPTION 


The  AEDC  von  Karman  Facility  (VKF)  Tunnel  A is  a continuous,  closed- 
circuit,  variable  density  wind  tunnel  with  an  automatically  driven  flex- 
ible-plate-type nozzle  and  a 40-  by  40-in.  test  section  (see  Figure  1). 

The  tunnel  can  be  operated  at  Mach  numbers  from  1.5  to  6 at  maximum  stag- 
nation pressures  from  29  to  200  psia,  respectively,  and  stagnation  temper- 
atures up  to  750°R  (M  = 6).  Minimum  operating  pressures  range  from  about 
one-tenth  to  one-twentieth  of  the  maximum  at  each  Mach  number.  A descrip- 
tion of  the  tunnel  and  airflow  calibration  information  may  he  found  in 
the  Test  Facilities  Handbook*. 


Test  Facilities  Handbook  (Ninth  Edition). 
Facility,  Vol.  3",  Arnold  Engineering  Development 


"von  Karman  (las  Dynamics 
Center , July  1971. 
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DATA  REDUCTION 


Six 'Component  ae rooynam  i c force  and  moment  data  .ere  recorded  for 
the  Orbit  er, Ext ernal  Tank,  and  Orbiter/ET.  Four- component  force  and  .omcnt 
data  were  recorded  for  the  SRB.  Thrust  loads  generated  by  the  SKB  separa- 
tion motors  were  treated  as  tares  and  were  subtracted  from  balanee  rce.»rdfH 
loads  before  computing  coefficients.  For  Orbitcr  truest  ream  and  hr  ah  rt 
testing,  the  Orb  iter  was  mounLed  on  the  AEDC  0.83-inch  4 . UU-Y- 30-037 
balance.  For  ET  freestream  and  ET  abort,  the  ET  v as  mounted  on  the  AK1K! 
0.85-inch  4 . 00-H-36-049  balance.  For  SRB  separation,  the  Orbiter/ET  was 
mounted  on  the  4 * 00-Y-36-049  balance.  For  SRB  truest  ream  and  separation, 
the  SRB  was  mounted  on  the  Rockwell  0. 625-inch  4 . > )0-U- 34-06 5 t i ov-t.  h rough 
balance . 

A.1  1 force  and  moment  data  were  reduced  to  coefficient  form  in  the 
body  axis  system.  Base  and  balance  cavity  pressures  were  re-orded.  how- 
ever, no  pressure  adjustments  were  made  to  the  force1  and  moment  data.  All 
coefficients  are  based  on  the  following  reference  dimensions. 

Sp>j;p  - orbiter  wing  reference  area  = 0.269  it  - 
^RhF  “ ^RI  F ” orbiter  body  length  = 12.903  i nolle* 

Moments  are  about  the  following  reference  c.g.  locations: 

Orbiter  (Isolated  and  with  ET  separating): 

XMRP  - 8.516  inches  aft  of  orbiter  nose  (see  t igure  2c> 

ZMRP  = 4.0  (fuselage  reference  line  4.05 
External  Tank  (Isolated  and  while  separating  t rom  crbitcr) : 

XMRP  - 10.94  inches  aft'  of  ET  nose  (see  1 igure  2c 


ZMRP  = 0,0  (tank  centerline) 


Orb  i Lor  / FT  (Isolated  and  with  SRB  separating) 

XMRP  - 7.43  inches  aft  of  ET  nose 

(see  figure  2b) 

ZMRP  - 0.47  inches  above  ET  centerline 
SRB  (Isolated  and  while  separating  from  Orbiter/ET) 

XMRP  = 9.67  inches  aft  of  SRB  nose  (see  figure  2b  ) 

ZMRP  = 0.0  (SRB  centerline) 


* 


16 


TEST  : I A 13 


Idate  : Wspresr 


TEST  CONDITIONS 


TOTAL  PRESSURE 

DYNAMIC  PRESSURE 

MACH  NUMBER 

(Pounds/dq.  Inch) 

(pounds/sq..  inch) 

i-'S3 

I/O 

S>Z7 

t<sz 

Xo 

3,25 

1 1 

sxr 

2<2o 

y,57 

Z*‘? 

h tf 

W*  \ 

f/,C 

0‘5X 

i 

AC,X 

6.  St 

STAGNATION  TEMPERATURE 
(degrees  Fahrenheit) 

TVs 


BALANCE  UTILIZED: 


jPO  -4J7; 

CAPACITY: 


NF  HlQ. 

SF  ill  ii££  */g° 
AF  £11 

PM  i2£LtmiiiP 

RM  ill  i&L— 
YU  it  I So  ino  ±213 


'.oo-Y-  -_o£L 

ACCURACY: 

40.2[iO13\±0.2S 


iO.fS 

io.3 

i^z 

46.1S 

io.  3 

— 

±oS 

*1.0 

±1,0 

±0.2. 

±0.  Y 

— 

40.5 

iUO 

io.is 

?-/-?*/- ObS 

COEFFICIENT 

TOLERANCE: 


COMMEN  i S . ^ ^ KfiPAPAYthN 

,)7 n .037  ^6UHfEt  I«  0*6<rve  ro*  c*6ire*-3S<xst*t  A*b  ^ r**<  &»***#■ 

a TMf  -ty?  JW  6£6(W#  " Ottm* -W<  IS^recT  A»0  ‘'/9*cSrr* 

X&MAtUV  AtS*  *wrx&Z«  T*«<  f«*  "T*H«  t**A**f  A«t>  ~f**K  Sf*#*"* 

?).TK  -o±5  HOWTEK  P*  gaosrsei^  M6*oS^  jjtuarvo"****  " g"*re# 


s,y§ 


«H  < 


V)  O 


unuje 

UWkBBBflBH 

MwariB— 

■i  mfc— 


H 

uj  ' 

££ 

LU 


' vS  ^ 

0 ^ v 


^ 5 

£ % 
VC  >o 


• > <t 

^ I 


i V 
^ £ 


^ !E 

* % 


« s 


^ § 


v o 


Exrae/ML  lA Hie  9/4TA TABLE  II.  (Continued) 


T 


R 

•n 

8 

to 


< 

| Q 


>- 

(X 

< 


TEST  RUN  NUMBERS 


_J 

O 

u 

x 

LU 

CD 


~ZL 

ZD 

X 


LU 

lo 


< 

O 


a 


I 

K 

(X 

fx 

N) 

fx 

6o 

N 

cx 

$ 

X 

o 

^0 

o 

VA 

vJ 

Cl 

X 

Pu 

Po 

N 

$ 

Q 

> 

V 

« 

X 

x 

X) 

I 

\3 

Q> 

V 

Cs. 

X 

k 

N 

C2 

O 

C V 
X 

0 

N 

C2 

R 

X 

:s- 

X 

T-1 

C3 

> 

X 

N 

X 

Is- 

w 

'V 

$ 

o 

^*w 

X 

£* 

k 

f\> 

\ 

Vo 

N 

<X 

V 

X 

Hi 

X 

X 

0 

J5 

sa 

fx 

Cxj 

6o 

(X 

<>- 

v$ 

cy 

TO 

S 

vT 

Ni 

<x 

•k. 

C\ 

X 

Cv 

X 

C\J 

■v^ 

sj 

NS 

ro 

PO 

X 

X 

to 

L.Z 

°£ 

i 

i 

I 

i 

i 

■ 

i 

1 

i 

i 

I 

i 

i 

■ 

i 

U. 

Sr 

0 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

5 

H 

■ 

■ 

H| 

s» 

o 

0 

i 

■ 

i 

■ 

B 

B 

B 

■ 

■ 

B 

■ 

■ 

0 

■ 

B 

B 

B 

B 

. 

■ 

■ 

■ 

u 

__ 

k 

k 

Q 

s 

k 

■ 

B 

B 

■ 

B 

fl 

(S 

■ 

■ 

■ 

■ 

B 

■ 

HP 

I 

TO 

{V 

Vi 

V 

Hi 

u 

u. 

R 

O 

Q> 

Q 

Q 

UJ 

Si 

UJ 

U] 

1 

s: 

CQ 

S) 

CO 

CO 

> 

o 

fv 

- 

o 

■ 

B 

o 

B 

O 

H 

Cl 

Q 

0 

B 

0 

■ 

B 

''U 

— 

o 

0 

■ 

i 

0 

Q 

T 

B 

B 

» 

1 

O 

E 

B 

Q 

B 

B 

■ 

B 

B 

m 

■ 

B 

mm 

m 

fl 

B 

m 

■ 

9 

a 

wm 

m 

■i 

B 

Z 

9 

R 

< 

a. 

~j 

0 

il 

z 

0 

u 

ks 

--- 

■ 

1 

2 

Ui 

u. 

R 

Z 

UJ 

Q 

CO 

K 

R 

V 

$ 

NJ 

M 

3 

K\ 

N 

<0 

s 

'S 

§ 

f^ 

Nj 

Co 

'Nj 

c> 

c> 

■o 

X 

ro 

9 

<v\ 

Vo 

B 



HJ] 


$ 


1 ^ 


<1 


>j 

M 


> 


CD 


5 


4S 


/''Si 


n 


$ 

o'* 

31 


H 


II. 


N- 


s 


" tl 


T “i 


N 


2 f 
C § 


U 

Cl 


3 

& 

vS 

Ui 

Cx 


*V 

L» 


* 


s' 

3 

U'l 

y 

$ 

V 


X 

X 


6 

§ 


§ 

X 

V 
<* 

X 

V 


DATA  SET  RUN  NUMBER  COLLATION  SUMMARY 


T 


TEST  RUN  NUMBERS 


K L Vi 

V ^ ' — » vj)  \Si  sO  p“  C'*'* 


P VJ  O 

5 ^ l: 

v.  ^ 


$ U O.  ^ 

•V  > s 


^ £ b ^ 3 


> r- 

c ^ 


* £ p 


^ v, 

bo  6© 


*+>  ^ 
Cw  ^ fr- 


^ ^ ^ 
C*»  ^s- 


r^  O-J  O 


*o  Sr  rv,  N 


LTV  NJ  — — ■—v  M I O ' 


mmmmmmm 

wmmmmmmmmmmm 


^ 0 


§ ^ 


^ * 


II  O H V-  5 

O /Q  j <}  <i  j ^ '•S  vt,  vj}  VT)  rg*|  sq  OQ  ^ ^ 


IEBEESBGI 

■i  111  II  iff 

H8BI1E 


N ^ 

^ 'S 

b_. 

v 


>>--».  "V 

V)  T>  *o  ^ 


C; 

fcArFfc^AL  Ia/U*.  P*rA TAB L E II.  (Conti n ue d ) 

TEST  : JA  - /3 DATA  SET  RUN  NUMBER  COLLATION  SUmmaR 


7 r £ ? 3 - ofzBnt  is/ 7 a* k 
~r  4?3  - £ £ 3 l A*  A 


JVOteS\ 


r~  r- 


T W‘JN  N UMb  fc 


N>  ro  ^ ^0  tt-  va 
'“I  v ' V*  V ^ 


“V  , X PO  -J  VJ' 

ir  m ^ V[  ^ 

^ ^ ~*~  ^ 


-*7  VT 

'•S  -sj*  « — 

>“  ^ ^ 


6o  A 

^ vs  r 
? *^~ 


O v£  ^ •'O 

C>o  <5“  cr~ 

"5*  ^ -a- 

wJT 

<»=  &>  s: 

^H-ir 


Oo  (.. 

§• 


k 

I 


Jv5  V5  iS 


55 _5>  55> 


oliUlIlioj!  «S1 


HHB9GH 

■■MM1 


HHBHBSHHH 
■BHMB 

^HnaflEKH 


o o#S 


TABLE  II.  (Continued) 


>.  \a  Ao  rr 

c;  £ £ vn 


EST  HUN  ^IJMBEHb 


*"  PO  £ -*  $ 

r r°  ~ v1^  c?  ?* 

^ ^ Va  ^"7  ; *o 


o I 1 V 9^ 

p 1 ^ pi  p p 
Vr^  V\  p p P 


i ^ 

, >•  ^ **- 

<N  p-  <N  p 

V\  '-I 


A rv\  O 

U 3 S d 


— -±~  O-  ^ 
p H p vo 
p p 

gpS 

P,  ^ 


f\  rv>  C"- 
N rv  <N 

^ ^ V 


^ (S  ^ ^ ^ <\) 

w A p P > > 

Vn  p p V?  V\ 


HHB 

BMi— mi 


lli 

3 k q 

< ex.  ^ 

> 


- £l< 


■■■  — — B 

lEHBaq 

■Hunmiif 


OQ  CO  CO 


gmpBBEBEEiEBBBEBE 
Jill  Ml  ■■■'— — P— 

■HBnHBm 


Ah 


s P 


RoO&TP- S E PA (2*ATt 0*4 TABLE  II.  (Continued) 

TEST  : JA  13 DATA  SET  RUN  NUMBER  COLLATION  SUMM/ 


i ST  HuN  Mi  MB*  HS 


ss 


^ Vo 
VO  S 


V ^ ^ 

O-  ^ 


SI  L 


W>  ^ 


Q>  — 
,0*»  | Oo  O'- 

N— » | V*7  L-j 


H s 


i 

nfl^H 

OflH 

HSS 

■■HHIal 

■SEilaSISBB^I 

II 


H^JOC)  CQ  CO  cQl  cq  h) UO 


O 'O  ^ 


n:  ^ 


i^ii0 


m 


s;1  .Jl  .« 


$F< 


'Jl  " nil  '■ 


H 


as 


:st  RUN  numbers 


k 


p ^ si  NS 

^ ^ ^ Vi  o 

«*£>  — o vS 


g rv,  No 

NS>  V$> 


aaaaaa* 


o q c*  \ ^ 

^ ^ ^ \3 


O ^ !\i 

^ 'M  <V\  ‘^~ 

va  ^ C2  •$ 


> fin  o- 
® c>  ^ 

^ sJJ  >» 


rV  rcs^ 

^ t^1 

r-^9 


r-  ^ Irv 

^l-  ^ 

*^£>  •■*£  N»fi> 


BSSSSSBSSSIBBDI 
II— HHSSSBBSBal 

IBSBSSBBSSSBSSSS5 

■■■■iiimiia 

iiliilig; 

BaESsaillliBaiiBa 

IlKHSSSHSgESSSSS 


^ he 


cs  9 o 

$ £ <8 


<0 

£ $ O 


^ I 

(S| 

$ ^ 


4 § 


<3  3 


FST  RUN  NUMHt  RS 


i|S  s R ? » 

CK|  ^ sa  VS)  O ^ 


S)  a- 
^ vS 

Vi  v^9 


fV  V N-  o © 

^ ^ Q O O - CV 


a 


I hi 


QuS*3 


SEj^SS^SfiSsSliSISEani 


Tr 

— I fsn  j 

r-  M t-h 


^ o 


HHSSBSBBHHH 
MBEnH 


■■■HB |B 

lilBUBUndB 


rv  ^ cs^ 

^ >-  ^ -5 

W n r4 


Al  «3|  c^l  £|  *1  5 1 § 3 S 


* 
N I (p* 


E 


0,10,  too,  tjv,  ?^^o,  5<^>,  j CO,  yen , /c^o , Jtf<^s  ul*  2°°‘  ¥*0d  too.  Sfo ZjJlZ*. 

/<&,  /JV,  ?ox>,  2<rt>,  <&ro,  (o&+,  ?rv,  /&>»  <jJ  ~ 660,?*#,  / &&o  = 

</<>*,  6CXS,  fr*,  foo*  Zj  = Joo,  t/oo,  (,  ov,  Ptt>/  foo* 

too,  geo,  Woo  fcj  = %C&,  too  a 

yoo/  /ooo 


TABLE  II.  (Continued) 


r 


L 


> \r  t S T HUN  NUMBERS 


\ Vtifc 


t)  rj 
0)  — 

D h- 
C < 


Hnam 

9008888 


HI 


Q O 


0 o 


liEKSSI 


> 

Vr> 

v> 

6 


-lo 


test  run  numbers 


si  tr, 


I ^ 


mmm 


TABLE  III.  MODEL  DIMENSIONAL  DATA 


MODEL  COMPONENT:  BODY 

LL29J 

GENERAL  DESCRIPTION:  Configuration  3 lightweight  Orbiter  fuselage 


Model  Scale  = 0.010  Model  Drawing  No. 

SS-AOOO62 

DRAWING  NUMBER:  VL70-000139B 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Length  - in. 

1290.3 

12.903 

Max.  Width -in.  (0  XQ  = 1528.3  in.) 

. 267.6 

_ 2.-676 

Max.  Depth-in.  (§  X = 11+30.52  in.) 

_ 244.5  . 

__  2.445 

0 

* Fineness  Ratio 

— .4.846 

4.846 

Area  - ft? 

Max.  Cross-Sectional  (9  x = 11+80. 

52_inJ  .386.67 

0.03867 

Planform 

Wetted 

Base 

* Fineness  Ratio  is  the  fuselage  length  divided  by  the  equivalent 
diameter  for  the  maximum  cross-secticnal  area. 
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TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 


MODEL  COMPONENT:  Canopy  (C^ 


GENERAL  DESCRIPTION:  Configuration  3 lightweight  Orbiter  Canopy 


Model  Scale  = 0.010  Model  Drawing  No.  SS-AQ0062 


DRAWING  NUMBER 


VL70-000139B 


DIMENSION: 


FULL  SCALE 


MODEL  SCALE 


Length  (X0  = 433  IN.  to  Xq  = 6?0  IN.) 


2.370 


Max  Width 


Max  Depth 


Fineness  Ratio 


Max  Cross-Sectional 


Plqnform 


Wetted 
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TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 


MODEL  COMPONENT: 

Elevon  (E?a) 

GENERAL  DESCRIPTION: 

Configuration  3 lightweight  orbiter  elevens 

Data  for  (l)  of  (2)  sides 

Model  Scale  = O.OIO 

Model  Drawing  No.  SS-A00109 

DRAWING  NUMBER:  VL70-000139B 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area  ~ ft.2 

205.52 

0.02055 

Span  (equiva1ent)~in. 





Inb'd  equivalent  chord  ~ in. 

114.78 

1.1478 

Outb'd  equivalent  chord  — in. 

55.00 

Otiio 

Ratio  movable  surface  chord/ 

total  surface  chord 

At  Inb'd  equiv.  chord 

0.208 

0.203 

At  Outb'd  equiv.  chord 

0.400 

0.400 

Sweep  Back  Angles,  deg 

Leading  Edge 

0.00 

0.00 

Tailing  Edge 

-10.24 

-10.24 

Hingeline 

0.00 

0.00 

Area  Moment  (Normal  to  hinge  1 1 ne) — ft^ 

-15.4SJ37 

— Q...Q2155 

I 

i 

\ 

. 
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TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 


MODEL  COMPONENT: 

Body  Flap  (F^) 

GENERAL  DESCRIPTION: 

Configuration  3 lightweight  orbiter  todv  Dar. 

Model  Scale  = 0.010 

Model  Drawing  No.  SS-A00062 

DRAWING  NUMBER 

VL70- 00013 9P 

DIMENSION: 

FULL  SCALE 

MODEL  SCALE 

Length  ~ in. 

84.70 

0.8470 

Max  Width  ~in  # 

267.6 

2.6760 

Max  Depth 

Fineness  Ratio 

2 

Area  ^ ft. 

Max  Cross-Sectional 

Planform 

142.5195 

0.01425195 

Wetted 

Base 

38.0958 

0.00380958 
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1ABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 

MODEL  COMPONENT:  QMS  Pod  (M,.) 

GENERAL  DESCRIPTION:  Configuration  3 lightweight  Orbiter  Orbital 

Manuevcrfr.g  System  Pod. 


Mode  1 Scale  = 0.010 Model  Drawing  Vo,  SS-A00062 


DRAWING  NUMBER  VL70-000139B 


DIMENSION: 


Length~in. 

Max  Width~in. 

Max  Depth~in. 

Fineness  Ratio 
Area 

Mox  Cross-Sectional 

Planform 

Wetted 

Base 


FULL  SCALE 

346.0 

108.0 
113.0 


MODEL  SCALE 


3.460 

1.080 

1.  13 
? — ■ ■ — 1 — 


4 3 


TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTINUED) 


MODEL  COMPONENT:  Rudder  (RQ 

GENERAL  DESCRIPTION.  Configuration  3 llfhtwei rht  Orbit er  rudder 


Model  Scale  = 0.010 Model  Drav.lrr  Ko,  SS-AOOQ62 

VL7O-0OO139B 

DRAWING  NUMBER:  VL70- 000095 


DIMENSIONS: 

FULL-SCALE 

Area ~ ft. 2 

106.38 

Span  (equivalent)~in. 

201.0 

Inb'd  equivalent  chord~ir.. 

91.585 

Outb'd  equivalent  chord~in. 

50.833 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

0.400 

At  Outb'd  equiv.  chord 

0.400 

Sweep  Back  Angles,  deg. 

Leading  Edge 

34183_ 

Tailing  Edge 

26.25 

Hingeline 

34.83 

Area  Moment  (Normal  to  hinge  line)~f^ 

526.13 

MODEL  SCALE 

0.010638 

2.010 

0.91585 

0.50833 


0.400 


0.400 


34.83 

26.25 

34.83 

0.00053 
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TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONTI':'  ED) 

MODEL  COMPONENT:  VERTICAL  TAIL  (V?T  

GENERAL  DESCRIPTION:  Configuration  3 lightweight'  orblter  verticil  tail, 

double  wedge  airfoil  sections  with  rounded  1oadj-r 


Model  Scale  = Q.Q1Q Model  Drawing  Mo.  SS-A00062 

VL70-000139  B 

DRAWING  NUMBER:  VL70-00QQ95. 


DIMENSIONS: 
TOTAL  DATA 


Area  (Theo)~ft2 
PI an form 
Span  (Theo)~in. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep  Rack  Angles ~deg. 

Leading  Edge 
Trailing  Edge 
0,25  Element  Line 
Chords: 

Root  (Theo)  WP 
Tip  (Theo)  WP 
MAC 

Fus.  Sta.  of  .25  MAC 
W.  P.  of  .25  MAC 
B.  L.  of  .25  MAC 
Airfoil  Section 

Leading  Wedge  Angle  ~deg. 
Trailing  Wedge  Angle ~ deg. 
Leading  Edge  Radius  ~ in. 
Void  Area  ~ ft 2 ^ 

Blanketed  Area  ~ ft* 


FULL-SCALE 


413 -25 

•515:72 

X-X15 

o^QL- 

-•AA 

45.000 

26.249 

41.130 

268.50 

108.47 

199.81 

JA63.50 

m^22 

0.00 


10.000 
JA.-.920 
2.00 
13-17 
12]  67 


MODEL  SCALE 


0.04132 


3.1372 
.1-673 
0 AQ2_ 



45.000 
26 . 249 
41.130 

2.6850 
1.0847 
1 . 9981 
14 -•6  3 50. 

0.00 


jLg jm 

IkXXL. 

0.010 
0.0013 
0.0012  " 


4 5 
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TAiiLK  III.  MODKl,  DIMENSIONAI.  DATA  (CONTINUED) 

MODEL  COMPONENT;  WING  (vi^) 

GENERAL  DESCRIPTION:  Configuration  3 lightweight  Crbiter  wir.g 


Model  Scale  = O.OIO 


Model  Drawing  Vo.  SS-A00109 


DWG.  NO.  7L70-000139B 


DIMENSIONS: 


FULL-SCALE 


MODEL  SCALE 


TOTAL  DATA 

'Area  (Theo . ) ~f  t2 
PI  an form 

Span  (Theo) ~ in. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  deg.  T.E.  of  Elevor.) 
Incidence  .Angle,  deg. 

Aerodynamic  Twist,  deg. 

Sweep  Back  Angles,  deg. 

Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords: ~ ir.. 

Root  (Theo)  BP. 0.0. 

Tip,  (Theo)  B.P< 

MAC 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

EXPOSED  DATA 

Area""(Yneo ) ~ ft2 

Span,  (Theo)~in.  (From  P.P.  108  in.) 
Aspect  Ratio 
Taper  Ratio 
Chords : ~ in. 

Root  (@  F.P.  108) 

Tip 

MAC 

Fas.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

Airfoil  Section  (Rockwell  Mod  NASA) 

X XXX- 64 

Root  - » A Yn  199  to  VAX A 0010 


— . 

2.265. 

1 . 17'7 
0.200 
3.500 
0.500 
+3.000 

- JiltlTL 
-10. PL 
35.209 

6B9.Pl. 

137.95 

-JBt 

1752.29 

7,10.69 

2,059 

0.2L5I 

5 62. to 

393.03 

118,5.31 

300.0+ 


q S 
2 2-^ 

1 

0,200 


-10.00 


0,17523 

, 1 % s 

m mm  m ip  * 

c.o  .51 


1.3"95 

3. 07 03 
1 1 . T'  . 1 


Data  for  (1)  of  (2)  Sides 
Leadinq  Edge  Cuff 
Planform  Area  ~ ft2 

Leading  Edge  Intersects  Fus  M.  L.  8 Sta 
Leading  Edge  Intersects  Wing  8 Sta 


,w  rOOB,  QVJ^ 


]*.'$!  J 


u 


T 


TABLE  III.  MODEL  DIMENSIONAL  DATA  (CONCLUDED) 


MODEL  COMPONENT:  Booster  (S*) 


GENERAL  DESCRIPTION:  duration  3 Booster  Solid  Rocket  Motor 

Data  for  1 of  2 Boosters 


Model  Scale  0,010 


DRAWING  NUMBER 


Model  Dravrijnr  To.  SS> -00113 


VL72-000C88 


DIMENSION: 


FULL  SCALE  MODEL  SCALE 


Length  (includes  Nozzle)- in. 

Max  Width  (Tank  Dia.)~  in. 

Mox  Dia.  (Max,  Nozzle  Shroud  Dia.)~in« 
* Fineness  Ratio 
Area— ft^ 


8.49268  8.49268 


Max  Cross-Sectional  (Nozzle  Shroud)  229,21 

Planform 

Wetted 


* Length  divided  by  nozzle  shroud  diameter. 


L 


^ure  I.  Axis  System 


*1 


Model  32-OTS  Orbiter  and  Tank 


sition 
for  ta 
indica 


and  Z - 0 'when  Booster  nose  is  in  its  meted,  position 


Continued 


32-OTS  Booster  Model  Forward  Thruster  Nozzle  Block 


nk  Forward  Attachment 


13.32 

20.83 


32-OTS  Orbiter/Tank  Aft  Attachment 
Figure  2.  - Continued 


Q Pin  "A"  (Ref.) 
(f  Model  Rotation  (Ref. ) 


FIGURE  3 , AEDC  von  Karman  Gas  Dynamic  Facility  Tunnel  A 


Volume 

Description 

I 

Data  Figures 

(pages  1 through  894) 

II 

Data  Figures 

(pages  895  through  1498) 

III 

Tabulated  Source  Data 

DATA  FIGURES 
VOLUME  I 
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